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INTRODUCTION

Application of conventional destructive techniques for the determination of
the elastic stiffness constants of composite materials can be costly and
often inaccurate.

Reliable nondestructive evaluation (NDE) methods for the determination
of the integrity of composite materials and structures are needed.

Guided. wave propagation in isotropic platehave been studied theoretically
and experimentally by many authors (e.g. Medick, German).

In contact coupling ultrasonic experiments, the lowest Symmetric
(extensional) and antisymmetric (flexural) modes are easy to measure.
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Fig. 2, Influence of the stiffness
constant ¢,Cm the dispersion curves
for symmetric mode waves
propagating at 45° to the fingers.
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SYMMETRIC PLATE WAVE IN A FIBER-REINFORCED COMPOSITE LAMINATE

a) Exact Linear Elastic Solution

A cot(C,wh) « A,cot(C,wh) + Acot((,wh) = O

22 2 2
1= GlE + gy, - & - gl - aYfigy - (g, - 2a4)r§§q21 - al’:f‘]n]

A
A, = ~GIE Oy - G - gl - aiigy, - (@, - 2484, - a,0q,)]
A

2
3 = 40462C1C2C3(QI1Q22 - q12q21)



. ,Ad ' o'p +
(ADFuC'q'qiv'vr  q%q'q [ v'p - q%q'q’r"D o -
mQNQHQwUmBNG _ QOQmUvEN .
- ity - '\’ - G'gp'y - fqiqipiog

NQMQvBmﬁﬁ . NQMQmQHBNIV

-+

[ €0
q'vg qv

t 4l a1 St £l a5t
Ju(9°q'q 0 + *q°q'qn oy
[ vaUva NQﬁQmBmBHBNV

L aVnt
AOLHCPT g
NEHEAMQNQWBVBNQN _ mQNQmBNBNU . mQNQvBmBNBN

q

2
€.1,.5,7,.2 €1,5,7,1 £1 v £.2 PRI £ 7.7 £, ¢
q'¢°r'vvT  *q'¢°rD'v + *q'q"vv vy + T¢°v'n - g0y + ¢ +
iy NQSWGMGN+NQ ,NQHQMGN Yo vy
201 £ 76T RO PRI T 1 b T Zo) Y€ €T 2010 Tl
uMEg 0o — tulitg* vt oo u'utq"n u'tutq oo ulutg 'y
S ¢ uud T Mud o e U, Wy
10
98 '
0= ¢ 7220 * 12
vV 'V \Y

O ~ H™ 3 1 °019Z 0] SPUS) SSaUOIY} Sow} Aouanbaiy usym




(b, b)(pVi-cnp V2 ¢, nHQQ, n, n,) ~ 0

o2, 4

Qleyo ny 1y F(Cpplss " CyCCsy
(2cie + 2,42, - 2, +7 2 2
CipCyy + €1y 20150 €1 Cp3 =2 CpyCpylss T 2C1CoalsdN 1y

2 2 4
+(C22C55 - 623655)’72

2 2 2 2 2 2 4
(e —¢yyCy —Cppesng *( =€y * C37CpCsdm 1PV +¢ppp V

Q(cij,nl,nz)ZOrepresents the dispersion equation of the limt ofthe |owest symmetric node.

Group velocity V

e

. AQ/An
¢ oQ/8vV



Wave propagates along 0°
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APPROXIMATE PLATE THEORIES

Classical plate theory
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Shear Deformation Plate Theory

)
u, = ul(xl,xz, H

'2 : u2U2x19 X2, [)

u3 = X31.]J3(x1, Xz, [)

Assune pl ane wave sol utions of (21) in the form
u 1o: Ul Qitkym, * Ky -W)
”20 -U% ihyxy + kyxy - )
Y, = g o ke D X

3
where k, k, and k, represent the wavenumbers along the xl, x, and x, directions, respectively, and w is the circular frequency.

r
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where p

n; = cos ¢andn, = sin

1

¢ ; ¢ is the wave propagating angle, and X, = /Vn,, K, = w /v n,, V is the phase velocity.
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EXPERIMENT

A[0] 412 x 12 cniuni directional graphite/epoxy plate was used.
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RESULT

The elastic properties of the test Graphite/Epoxy laminate were extract from
the measured group velocity as follows:

¢,, =155.01, ¢,,=6.44, c,, = 15.6, c,; = 7.89, c,; = 5.00 (Gpa).
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CONCLUDING REMARKS

The phase and group velocities of symmetric plate waves were studied.

A comparison between measured and calculated group velocity for a unidirectional
graphite epoxy was presented.

The agreement of the results indicates the viability of the proposed technique using
the lowest extensional mode to determine the elastic constants.

A parametric study was conducted to determine the influence of the stiffness
constants on the dispersion curve of the symmetric plate waves. AH but c,, were
found to have an influence on the dispersion curves at the low frequency range.



